ABSTRACT. -1 censused birds across a moisture gradient in northern Patagonia, Argentina, in the vicinity of Bariloche. Over a 60-km distance, the 12 sites ranged from grassland at lower elevations to upland climax Nothofagus forests of the eastern Andes. Here, I correlated bird abundance and diversities with various vegetation measures. Using all sites, bird diversities and abundances were positively correlated with various foliage measures. When grasslands were excluded, however, an inverse relationship was found: birds were more diverse and abundant in the lower stature shrub communities than in complex forests. Multiple regression analyses of this apparently paradoxical situation indicated that certain species of plants probably had important effects on community structure.
nearby, dense beech forests. Vuilleumier also thought that bird species diversity was higher in the scrub-steppe habitat. A re-calculation (Church 1974) of his data, however, showed that Vuilleumier' s diversity values (H' ) in the two habitats were essentially identical (dense forest-1.993; scrub-steppe forest-1.837). One other study has suggested that bird species diversity was unrelated to vegetation complexity (Howell 197 1) . This study, although intensive, had samples drawn from very few study sites.
The avifauna of Patagonia is relatively little described, at least in terms of population numbers. My study is the first detailed quantification of these birds and their habitat associations. Such data are important because most ecological generalizations are based on northern hemisphere temperate communities. Comparative data from other areas can provide information on the applicability of these generalizations.
METHODS STUDY SITES
In the region of my study (eastward from the crest of the Andes in southern Argentina), annual rainfall diminished from more than 2,000 mm to 200 mm over about a 50-km area (De Fina 1972). The vegetative growth pattern reflected this moisture gradient. Although there was some effect of elevation and temperature on the vegetation, De Fina considered it comparatively small. Owing to a varied topography, the habitat types were somewhat patchy in this region, with each "patch" occupying several hundred or more hectares. Habitats became uniform only where the more or less continuous grassland steppe was reached at about 200 mm annual rainfall.
In the region of this moisture gradient, I Rainfall was probably about 2,000-2,500 mm.
CENSUS PROCEDURES
I censused birds in the three grassland sites by using variable distance strip censuses (Emlen 197 l), which I believe are the most appropriate for habitat of such low stature. Each segment that was 0.1 km long was tallied separately. I measured the vegetation at the end of every fifth (0.5-km) segment. At sites of taller stature, I censused the birds by using a variable distance station count (Reynolds et al. 1980 ) with stations 100 m apart on a line through the habitat. Vegetation was measured at each station. I believe that any differences that resulted from comparing data by using the two different census methods are minimal and do not affect species richness or diversity calculations. I censused birds on about 75% of the mornings between 7 November and 10 December 1980. This was in the spring, when singing bird activity was at its height. Before beginning censusing, I spent more than a week becoming familiar with all the songs and calls of birds in the areas. During non-census periods, I continually observed birds and spent a great deal of time confirming the identities of birds that were singing and calling. On each morning, I began within 30 min of dawn and continued either for 2-3 h or until wind interfered with my hearing the birds. I usually censused between seven and 12 stations or segments per morning, spending 10 min at each station or on each segment. Each site was usually censused within a 3-to 5-day period.
Using the statistics derived from Ramsey and Scott (1979) I calculated the "Effective Detection Distance" (EDD) for each bird species for all sites combined. Using this distance to estimate the area that I surveyed for each species, I then estimated the density from the number seen at each site. I felt justified in combining data from sites because I found no significant (t-test; P < 0.05) difference between the EDD for the same species in different habitats. I determined this from an examination of the six species that occurred in more than one of the three major non-grassland habitat types with more than 25 individuals in each of at least two habitats. In none of these species did the average EDD differ between habitats. This is consistent with the studies summarized by Dawson (198 1: 13). Those species that occurred so sparsely that no meaningful EDD could be calculated were assigned EDDs of birds with similar habits. This assignment had little effect upon diversity (H' ) calculations, since rare species contribute little to the diversity measure. Although wide-ranging species, such as raptors, do not meet most of the assumptions of the census methods, because they are relatively rare, they also contribute almost nothing to diversity calculations.
Diversity In the analyses below, I used the total amount of foliage surface area to calculate the abundance of each plant species. This number was the total leaf surface area, derived from the calculation in method (2) below in determining Foliage Species Diversity.
FoliageSpecies Diversity. This was calculated from the volume of each species or growth form, either: (1) proportional to the foliage area (m2/m3) that each species or growth form occupies, weighted by the height of that span; or (2) a span measurement, with each height measurement contributing equally, regardless of the area that the estimate sampled. Although (2) has been used by other investigators, I wished to see if (1) might be a better predictor, as it estimates the total leaf surface area of vegetation.
At each site, I discriminated between plant species whenever possible, but many of the plants were recorded as "shrub A," "shrub B," and so forth. Species diversity was calculated on this basis. For Table 2 , however, and for comparisons between sites, these were combined into such categories as "grass, sp." and "shrub, sp." Foliage Height Diversity. This measurement was calculated from the percent of the total foliage area of all species of plants contributed by each level in a similar fashion to the species diversity measure with either: (1) proportional diversity, with each estimate at each level contributing proportionally to the area it samples; or (2) interval diversity, with each level contributing equally. The latter is the method that MacArthur and MacArthur (1961) used.
Comparison of bird and plant communities.
I compared bird communities as a whole with various aspects of the plant community, by using the average of each variable at each of the 12 sites. For these and other analyses, I used a simple correlation analysis, as well as stepwise multiple regression analyses. This latter technique adds independent variables to the one that was most correlated with the dependent variable. As it adds a variable, it determines the "maximum r2 improvement" (Hocking 1976 , SAS 1979 or the highest percent of the variation of the dependent variable explained by two or more independent variables. Thus, a model with an r2 of 0.95 explained 95% of the variation. Surprisingly, no vegetation variables were highly intercorrelated with any others; therefore, all were included in the analyses.
RESULTS

BIRD CENSUSES
My results represent data taken at 275 stations, and within the limitations of the method (see papers referenced in Ralph and Scott 198 1 :x), I feel that they fairly approximate the actual populations present. The data (Table l) , expressed in individuals per 10 ha, should not be construed to be as precise as this figure. Rather, these figures are for comparative purposes only.
I recorded 50 species at all the sites combined. The most common was the White-crested Elaenia (Elaenia albiceps), a small tyrannid that gleans foliage as well as catches flying insects. It was absent only in the grassland sites. The House Wren (Troglodytes aedon) was next in abundance, followed by the Thorn-tailed Rayadito (Aphrastura spinicauda) and the Green-backed Firecrown (Sephanoides sephanoides), a small hummingbird.
VEGETATION MEASURES
The five beech forest sites had much higher total leaf area (57-l 20 m2/100 m3) than the other sites ( Table 2 ). The cedar and scrub areas ranged from 16 to 37 m2/1 00 m3, and the grasslands between 3 and 7 m2/100 m3.
No consistent pattern was found in Foliage Species Diversity (FSD; Table 2), either with the proportional or the interval method. Foliage Height Diversity (FHD) was more predictable, however, with the taller, more complex forests generally having, as expected, higher values than the scrub or grassland habitats.
COMPARISON OF COMMUNITY DIVERSITIES AND ABUNDANCES
All sites. The number of bird species and the density of birds increased as FHD (by two measures) increased at each site (all P < 0.0 1; Table 3 ). FSD, total leaf area, and average canopy height were not significantly correlated with any of the bird measures, and BSD was not correlated with any of the plant measures. In a stepwise multiple regression analysis, the best predictor of the bird variables was always proportional FHD. Adding a second variable to these models markedly improved the percent of the variation explained. Adding total leaf area to FHD improved both prediction of bird species richness (r2 = 0.88; P < 0.0001) and total density (r2 = 0.74; P < 0.01). BSD was best explained by adding average canopy height to proportional FHD (r2 = 0.62; P < 0.05).
All of these relationships were positive, as many other workers have found in many communities. Inspection of the correlations derived (e.g., Fig. 2) , however, shows that these results were largely due to the low diversity and abundance of both birds and plants at the grassland sites.
Non-grassland sites. Analyses that excluded grassland sites, conversely, showed that BSD decreased as vegetation measures increased (Table 3) . This is the paradoxical situation that Vuilleumier (1972) inferred from his observations, which did not include data from grassland habitats.
A predictive model using stepwise regression analysis, even with three vegetation variables, failed to predict either bird species richness (BSR; r* = 0.45; P = 0.36) or estimated total density (r2 = 0.12; P = 0.68). BSD was best predicted, however, by a combination of average leaf area and interval FSD (r2 = 0.9 1; P < 0.001).
The cause of these apparently paradoxical correlations can best be seen in an example (Fig. 2) . If grassland sites are excluded from a comparison of BSD and proportional FHD, the relationship is inverse: BSD declines as FHD increases.
Thus, birds reach their greatest abundances and diversities at intermediate densities and diversities of foliage and plant species. A further example of this pattern is bird species diversity as compared to total leaf area (Fig.  3 ).
An interesting pattern emerges when comparing the bird species richness with either average canopy height (not shown) or average leaf area (Fig. 4) . A regression line, drawn separately on either the beech forests or the combined scrub-cedar sites, shows a significant negative correlation. That is, in the more complex habitats, the number of species declined. When these very different habitats were combined, however, this relationship disappeared.
Because of this persistent difference between grassland and non-grassland sites, many of the bined (Table 4) . I found 24 (89%) of these significantly correlated with foliage surface area of at least one plant species. Surprisingly, an increase in the surface area of most plants was significantly correlated with an increase in the bird count. If chance had been operating to any significant degree, I would have expected many more negative relationships. A few other plants were fairly common and in more than one site, but were not well correlated with any bird species. These were the cedar (Austrocedrus), a currant (Ribes magellanicus), and a shrub (Diosteu junceu). Of these, the lack of association with Austrocedrus was most surprising, as it is a major component of some ecosystems.
with bird abundance. Specifically, in the nongrassland sites, as foliage height diversity, average canopy height, and average leaf surface area all increased, bird species diversity decreased (Table 3) .
The explanation of this paradoxical situation probably lies in the specific habitat relationships of each of the bird species to each plant species. My analyses show that the principal correlates and predictors of the abundances of individual bird species were the abundances of certain plant taxa, namely: pos- Rabinovich and Rapoport (1975: 146) . The scrub-cedar habitat has elements of both steppe and beech forests. Twelve of the 27 bird species that were common in my census (Table 4) were positively related to plant species found in the beech forests, such as Nothofugus itself, Chusquea, and Ribes, as well as others. Many of these bird species are probably adapted to the beech forests, as many do not commonly occur outside of them (Vuilleumier 1967 ), although they can be found in some of the scrub-cedar habitats. Similarly, the birds adapted to the widespread steppe habitats can live in the transitional cedar forest habitats. These intermediate habitats are not common in this region; they occur only where the elevational and rainfall gradients intersect appropriately. One might be tempted to ascribe this richness to the "edge" effect, the mixture of two diverse habitats. It is more than this, however; some plant species are generally restricted to this habitat type (e.g., Lomatia and Diostea- Table 2 ). Therefore, floristically and faunistically, the scrub-cedar habitat is a mixture of steppe and beech forest, containing not only substantial elements of each, but also unique elements of its own. This combination might assure species richness and diversity.
This explanation, however, contradicts the prediction that bird species diversity, especially the evenness component, would be higher in the structurally complex beech forests, even if they are somewhat poor in bird species. One might expect that those fewer species should be about equal in abundance (the evenness component of diversity), compensating for the lower richness.
The beech forests of the Andes are, however, under three constraints that might lower their stability and presumably their diversity. The most important is the isolation of these forests from others. The Nothofagus and Araucaria forests of the Andes of Argentina and Chile are separated from other forests by about 2,000 km of steppe and desert. This might lead to relatively small populations which are more prone to local extinction, with resultant low diversity. The second factor is the relative harshness of the climate. These forests have a more persistent snow cover in the winter than do the steppe habitats at lower elevations. This climatic factor may add to the risk of local extinction and unstable bird populations, when coupled with the forests' isolation, the possible "island" effect, and low colonization rates. Finally, the abundance of bamboo (Chusquea spp.) in the understory of many of the beech forests (Table 2 ) may play a role. The large leaf surface area of bamboo, coupled with what I observed to be its apparent low use by insects (possibly due to its relative unpalatability), may produce lower food densities for foraging birds than is normal in taller forests such as these.
An interesting test of the role of bamboo will come with its blooming (it blooms only once about every 40 + years) and subsequent superabundance of seeds. This may happen in the next few years (0. P. Pearson, pers. comm.). I predict that, during the year of extensive bloom and seed set of this important component of many of the beech forests, the number of bird species using the forest will increase. This may also result in an increase of bird species diversities.
